Experimentally observed superdeformed (SD) rotational bands in 36 Ar and 40 Ar are studied by the cranked shell model (CSM) with the paring correlations treated by a particle-number- 
I. INTRODUCTION
Since the first observation of the superdeformed rotational band in 152 Dy [1] , numerous superdeformed bands have been discovered in the "traditional" superdeformed regions of mass numbers 80, 130, 150 and 190. The latest superdeformed archipelago has been found in the light mass region around A = 40. High spin states of the superdeformed rotational bands have been successfully populated in experiment for 36 Ar [2, 3] , 40 Ar [4] , 40 Ca [5] and 44 Ti [6] . Most interestingly, these nuclei are magic or near-magic systems, whose ground states are corresponding to a spherical shape. This exotic shape coexistence phenomenon provides an ideal test ground of theoretical models.
Many microscopic descriptions of these bands have been performed, like Cranked NilssonStrutinsky (CNS) [2] , Shell Model (SM) [2, [7] [8] [9] , Cranked Relativistic Mean-Field (CRMF) [5] ,
Hartree-Fock BCS with Skyrme interaction SLy6 [10] , Angular Momentum Projected Generator Coordinate (AMP-GCM) method with the Gogny force D1S [11] , Projected Shell Model (PSM) [12, 13] , Multidimensionally Constrained Relativistic Mean Field (MDC-RMF) [14] , Antisymmetrized Molecular Dynamics (AMD) [15] [16] [17] [18] , Cluster models [19] and Cranked
Hartree-Fock-Bogoliubov (CHFB) etc. Each of these models can give a good description of the certain aspects of these superdeformed nuclei under certain assumptions. Therefore, comprehensive understanding of the superdeformed nuclear structure of these magic or near magic nuclei needs a complementary investigations of different models. Among these models, as it states in Refs. [8, 9] , the interacting shell model, when affordable, is a prime choice. However, to carry out a practical shell model calculations of 36 Ar, the 1d 5/2 orbital had to be excluded from the sd-pf shells space [2] . Recently, shell model calculations were performed on 46 Ti where a limited configuration space consisting of 1d 3/2 and 1f 7/2 orbitals is constructed. But the full sd-pf calculations are still not possible [20] . Therefore, as the full sd-pf shell model calculations are difficult in the A = 40 mass region so far, to test an efficient shell model truncation scheme for the well-deformed nuclei in light mass region is necessary.
Cranked shell model has been proved to be a powerful tool to study the nuclear collective rotation of the most of areas in the nuclear chart. However, up to now, there is no cranked shell model calculation being performed on the SD bands around A = 40 region. For the first time, we perform the cranked shell model calculations with the pairing treated by the 2 particle-number conserving (PNC-CSM) method on the SD bands in such a light nuclear mass region. The PNC-CSM method is proposed to treat properly the pairing correlations and blocking effects. It has been applied successfully for describing the properties of normal deformed nuclei in A∼170 mass region [21] [22] [23] [24] [25] [26] , superdeformed nuclei in A∼150, 190 mass region [27] [28] [29] [30] [31] , high-K isomeric states in the rare-earth and actinide mass region [32] [33] [34] [35] and recently in the heaviest actinides and light superheavy nuclei around Z∼100 region [36] [37] [38] . In contrast to the Bardeen-Cooper-Schrieffer (BCS) or Hartree-Fock-Bogolyubov (HFB) approach, the Hamiltonian is diagonalized directly in a truncated Fock space in the PNC method [39, 40] . Therefore, particle number is conserved and Pauli blocking effects are taken into account exactly.
In the present work we focus on the case of 36 Ar and its heavier isotope 40 Ar, of which Therefore the effect of the 1d 5/2 orbital is nontrivial on these rotational SD bands.
II. THEORETICAL FRAMEWORK
The cranked shell model Hamiltonian of an axially symmetric nucleus in the rotating frame reads,
where h 0 (ω) = h Nil − ωj x is the single-particle part with h Nil being the Nilsson Hamiltonian [41, 42] and −ωj x being the Coriolis force with the cranking frequency ω about the x axis. The cranked Nilsson orbitals are obtained by diagonalizing the single-particle Hamil- (CMPC) space [43] in which H CSM is diagonalized. In the following calculations, the CMPC space for 36, 40 Ar is constructed in the N = 0 ∼ 4 major shells for both of neutrons and protons. By taking the cranked many-particle configuration truncation (Fock space truncation), the dimensions of the CMPC space are about 500, the corresponding effective monopole and quadrupole pairing strengths are G 0p = G 0n = 0.18 MeV and G 2p = G 2n = 0.08 MeV, respectively. The yrast and low-lying eigenstates are obtained as,
where |i is a cranked many-particle configuration and C i is the corresponding probability amplitude.
The angular momentum alignment J x of the state |ψ is,
Since J x is an one-body operator, the matrix element i| J x |j is nonzero only when |i and |j differ by one particle occupation, which are denoted by orbitals µ and ν. Then
M jν |ν · · · with the ellipsis stands for the same particle occupation and (−) M iµ = ±1 and (−) M jν = ±1 according to whether the permutation is even or odd. The angular momentum alignment can be expressed as the diagonal and the off-diagonal parts,
The kinematic moment of inertia is given by J (1) = ψ| J x |ψ /ω. For the details of the PNC-CSM method, see Refs. [21, 39, 40] .
III. CALCULATION AND DISCUSSION
The Nilsson parameters (κ, µ) are taken from Ref. [44] . Since 36 Ar is a N = Z symmetric nuclear system and the density of the single-particle level is low, the same set of (κ, µ) is used for neutrons and protons in the present calculations. The values of κ 2 , κ 3 are modified slightly to reproduce the correct single-particle level sequence. The corresponding Nilsson diagram for protons or neutrons is shown in Figure 1 . As it shows that the deformed The quadrupole deformation β 2 = 0.45 was suggested by cranked Nilsson-Strutinsky calculations for the SD bands of 36 Ar in the original experimental paper [2] . Later, a large low spin quadrupole deformation β 2 = 0.46 ± 0.03 is deduced from the B(E2) value for 4 + → 2 + SD transition in Ref. [3] . As for 40 Ar, the observed superdeformed structure was calculated by cranked Hartree-Fock-Bogoliubov with the P + QQ force [4] . The calculation shows that Therefore, we will not discuss about it.
The comparison of the theoretical J (1) with the extracted experimental values for SD bands in 36, 40 Ar is plotted in Figure 3 . The near-perfect rotational behavior of the 36 Ar was 
